We examine the chiral structure and the FCNC in the quark sector by using radiative B meson decays. We compute the ratio R = Br(b → d γ)/Br(b → s γ) in a simplest extension of the electroweak SM which realize different chiral structure as well as FCNC by adding one doublet vector-like quark as fourth generation. Any constraints has been extracted from the experiment results of B meson decays, T new parameter of oblique corrections and R q = Γ qq /Γ had. . Under a natural assumption that the violation of V − A structure in the light-quarks sector is small, we can determine the allowed region of most of the mixings parameters and also the vector-like quark masses. We show that there will be significant deviations in R from the SM's due to the FCNC's and the violation of V − A structure. * On leave from P3FT-LIPI, Indonesia.
I INTRODUCTION
The unitarity of Cabibbo-Kobayashi-Maskawa (CKM) matrix and the universal V − A structure of the interactions between the SU(2) L gauge bosons, quarks and leptons are two of the remarkable predictions of the SU(2) L ×U(1) Y electroweak interactions.
The deviations of these predictions will lead to the new physics which should be detected in the future high energy experiments. In the present, radiative B decays provide an important test of the Standard Model (SM) as well as become a sensitive probe of physics beyond the SM. The present result of CLEO collaboration [1] gives a fixed Br(b → s γ), and in the future it is expected that the Br(b → d γ) will also be determined. There is also an effort to search flavor changing neutral current (FCNC) of B meson decays [2] . On the other hand, there was also discrepancies between SM prediction and experimental result in the value of R b which was considered to be able to open the world of new physics [15] 1 These experiments provide further motivation of this study. Here, we introduce an SU(2) doublet vector-like quark in addition to the ordinary quarks in the SM [4] . This provides a real model for the deviation of the V − A chiral structure in the charged current sector as pointed out in [6] . On the other hand, this also provides the FCNC's in the up and down quark sectors at once [9, 10] .
Introducing a doublet vector-like quark will violate the V − A structure. This possible violation would provide useful information on the new properties of the quarks at higher energy scales as well as the origin of parity violation [6] . Anyway, the induced FCNC due to the addition of the singlet or doublet vector-like quark has been studied by many authors, for example in [9, 8] . In this paper, we study them by using the ratio R = Br(b → d γ)/Br(b → s γ) which is a sensitive probe to study the violation of CKM matrix as pointed out by [7] . Any constraints for the model are extracted from the experiment results of b → s γ process, T new parameter of oblique corrections and also R q = Γ/Γ had. . Further constraints will be done under a natural assumption that the violation of V − A structure in the light-quarks sector is small. This paper is organized as follows. First we briefly describe the model and show how the violation of V − A structure and FCNC appear. Next, we give the analytic results for the ratio R and its dependencies on the introduced mixings parameters.
This ratio is quite reliable since most of the uncertainties such as m b and the bulk of QCD corrections, cancel out. In Sec. IV, any constraints from the experimental results for the vector-like quark masses, the size of FCNC and the righ-handed side CKM matrix are given. Before going to the conclusions, the numerical results which show the effect on the R are presented in Sec. V.
II THE MODEL
We study the extended SM with an addition SU(2) doublet vector-like quark. In this extentions, the assignments of the quark sector under the electroweak symmetry
Because the vector-like quarks are SU(2) doublet, the left-handed and right-handed chiralities have the same charge under SU(2) L transformation. Here, tilde on the fields denotes quark field in the weak-eigenstate, i denotes the flavor and as usual the chiralities are L/R ≡ (1 ∓ γ 5 )/2.
There is an ambiguity in reproducing the masses of the vector-like quarks, but the study should not be altered with the choice. In this paper we adopt the same procedure and notations with [8] , that is consider one Higgs doublet same with the SM and introduce bare mass terms for the vector-like quarks. So, the FCNC would come out in the neutral Higgs sector. Then the lagrangian for the Yukawa sector becomes,
with i = 1, 2, 3 and α = 1, 2, 3, 4. In order to reproduce the masses, we must diagonalize each Yukawa couplings above as following,
where D L/R and U L/R are 4 × 4 unitary matrices which relate the weak-eigenstates to mass-eigenstates as,d
with α and β denote the flavor for four generations. On the other hand, the addition of doublet vector-like quark induces FCNC in the up and down quark sectors, which for convenience should be described in the following way,
by using unitarity of U L/R and D L/R matrices. z q (q = u, d) indicates the size of FCNC's [9] . In a case when α = β, one finds
Substituting all of the above relations into Eq. (1), the lagrangian for the neutral and charged Higgs sector in the mass-eigenstate become,
where the upper sign is for q = u and the lower one is for q = d. Here we defined the left and right CKM matrix as below,
Above we divided all of terms with V LCKM αβ for convenience to make a comparison with the SM's one and give the bounds from the experimental results. Then, the ratio of the elements of left and right CKM matrix must be defined as
where
This phase factors should induce new CP violation sources in the model as generally a 4 × 4 matrix has three phases. V αβ indicates the size of the violation of V − A structure in the theory. Remark that in general V RCKM is not a unitary matrix, while V LCKM keeps its unitarity. This point is different with the singlet vector-like quark model [8, 9] which violates the unitarity of V LCKM .
Same procedure should give the lagrangian for the gauge sector in the masseigenstates, that is
Here, θ W is Weinberg angle and g q ≡ 1 ∓ 2 Q q sin 2 θ W with Q q is the electric charge (Q u = 2/3 and Q d = −1/3). Therefore, in the present model the violation of V − A structure is coming out in the charged current sector (Eqs. (10) and (17)), while the FCNC's appear in the neutral current sector (Eqs. (9) and (16)). It is clear that when one puts V αβ = 0 and z q αβ = δ αβ , the SM's lagrangian will be restored.
Before going to the next section, we give a brief description how the violation of V − A structure was realized. As an example consider only the W ± sector. The original interactions in the weak-eigenstates are,
because the left and right handed fourth generation quarks are SU(2) doublet. The transformation into the mass-eigenstates gives,
by using Eqs. (5) and (6). Lastly, one finds Eq. (17) respectively by rewriting
as the left and right CKM matrices under the definitions in Eqs. (11) and (12), and normalize it with the left CKM matrix.
In the next section we are going to derive the radiative B decays and the ratio R by using this model, which are the main part of the paper.
III RADIATIVE B DECAYS
We are now ready to evaluate the radiative B decays in the model. First, we analyze the inclusive B → X d l γ processes (d l = d, s) separately, because in Sec. IV we need the experimentally well-known process B → X s γ to get any constraints. After that the ratio of them, R is evaluated.
After calculating the related diagrams include the neutral Higgs contributions, we find the amplitude for on-shell B → X d l γ up to second order in the external momenta as below,
with d l 's are light down quarks (d, s) [8] . The auxiliary functions here are,
The simplification of these functions have been done by using the relations
by using Eq. (7) and an aproximation that
and F 6 (r d i ) ∼ 1/3. On the other hand, F 5 (r d 4 , w d 4 ) and F 6 (r d 4 ) could be significant.
One assumption here is that V RCKM u i d j for u i = u, c and d j = d l , b are negligible compared with another elements. This assumption and how to realize it will be discussed in detail in the next section. On the other hand, since unitarity of V LCKM is still kept, the relation
is valid. Similar with Eq. (13), there are also phase factors which induce the CP violations from the mixings of FCNC, that is
with
Each function in Eqs. (21) and (22) presents the contributions of each diagram, that is F 1,3 is W ± , F 2 is χ ± , F 4,6 is Z and F 5 is neutral Higgs (H, χ 0 ) exchange diagrams contributions. Definitely, these functions are given as
From these results, one can predict that there will be possible enhancements for sector. Using the experiment results [12, 13] , one finds the upper-bounds for them as,
from Br(B → X d l µ + µ − ) ≤ 5 × 10 −5 under an assumption that the Z-mediated tree diagram is dominant [8] . For i = t and d l = s, one finds the ratio of mixing in Eqs.
(21) and (22) as following,
by using the experiment results of CKM matrix elements, V LCKM ts ∼ V LCKM cb ∼ 0.042 and V LCKM tb ∼ 1 [12] .
Next task is determining the bound for the vector-like quark masses, m u 4 and m d 4 , and the mixings V td i and V u 4 d i which can be done by considering the experiment result of B → X s γ process and T new parameter. The branching ratio of B → X d l γ is given as, 
and equals 0.520 for m c /m b = 0.3 [11] . Remark that the left handed term is keeped, because there is a possible enhancement due to the heavy quark mass as m i /m term in Eq. (28). The next determination can be made by using the ratio R b and R c from the partial decay width of Z. R q is defined as Γ(Z → qq) divided by Γ(Z → hadron).
Estimations for the upper-bounds of D R 34 and U R 24 can be extracted by considering the tree-level process [4, 5] . The result is,
with δ SM q i q i is the one-loop corrections of Z → q iqi within the SM, and all of the fermion masses are neglected. D R 34 and U R 24 are appearing in z d bb and z u cc by using Eqs. (7) and (8) in the numerical calculations we will keep the one-loop correction only in Γ bb [15] .
In Fig. 3 the allowed region of mixings which could explain the experimental result of R b and R c is shown for R c = 0.171, R b = 0.2206 ± 0.0016 and δ SM bb = −0.011 [5] .
From the figure, we find the bounds, 0.539 < D R 34 < 0.629 and 0 < U R 24 < 0.3.
Remark that the upper-bound for U R 24 is consistent and more rigid than the other one from the experiment result of the F B of e + e − → cc [4] .
Let us comment here that from the results, there is still allowed region for the mixing D R 34 which satisfies the value to explain the puzzle of R b in the model.
Remind the definitions in Eqs. (7) , (12) and (13), this can be seen by considering
. If we put z d sb /V LCKM ts ∼ 10 −2 from Eq.
(33), V tb = |V ts | ∼ 10 −3 from Fig. 1 , then we find D R 34 ∼ 10 −1 which is consistent with the allowed region in Fig. 3 for U R 24 ∼ 10 −3 . Unfortunately, we need more information from another experiments to mention about U R 24 in detail.
Lastly, we are going to adopt T new to determine the allowed regions of m u 4 and contribute to T parameter are,
This leads the result of T parameter,
from the definitons of T parameter [16] which is omitted here. N c is the number of color. These auxiliary functions are defined as,
g(x, y) ≡ x y 1 − x 2 ln x 2 − y 2 ln y 2 However, any simplifications must be taken to reduce the number of mixing parameters in Eq. (40). There are many considerable assumptions, but here we adopt a natural assumption when the mixings in the righ-handed light-quark sector is small. This can be realized by putting a special form of unitary matrices U R and D R as following, 
Both equations lead a relation between m u 4 and m d 4 as
where approximately × 2 ∼ 0, m l × ∼ 0 with m l is light-quark mass and V LCKM is, 
The type B → X d γ decay has not been observed yet, but the upper-bounds have been obtained from exclusive decays B → (ρ − , ρ 0 , ω) γ [14] . Then within the SM,
has been extracted, and theoretically the ratio becomes R < 0.31. Different with b → s γ, for the b → d γ we have to include all of FCNC's effects because the contributions are not negligible [8] . However, under the assumption and experimental bounds in the preceding section, the terms D R i4 2
can be neglected savely, since the size is less than the diagonal ones.
According to the results in the preceding section, for further numerical calculations, we put |sin θ D | = 0.61, |sin θ U | = 0.004, m 
VI CONCLUSIONS
The effects of the FCNC and the violation of V − A structure in the R has been done. The study has been done by adopting a doublet vector-like quark model which realize the FCNC and the violation of V − A structure at once. By considering any constraints from experimental results, we found that there will be significant deviations in the R even for small mixings. On the other hand R b can be explained well in the model even for small violation of V − A structure in general form of the unitary matrices. Lastly, because the experimental constraint in Eq. (51) is not strong enough, improved data and the eventual detection of the type B → X d γ decays will provide an important constraint on the SM and have the potential to the new physics including the present model.
